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MOTOR SPEED CONTROL 
WITH THE VARIAC 

• AN IMPORTANT USE of the Var- 
iac is the control <»r s|nmm1 oti fraetiimal- 
horsi‘|iower a-c motors. Siirressfiil use of 
the Variac in this application, however, 
clejiencls ujMm l>oth the tyjx^ of motor and the ty|M* of loa<l, ami it is 
ini|M>rtant that this Im^ kept in mind when considering the Variac as a 
s|)ecd c-ontrol. 

Repulsion and Series Motors 

Repulsion ami series motors are by far the easiest to control throiif^h 
voltage variation. I'lie S|H*ed of each of thesi* ty|H*s is simsitive to volt¬ 
age, and control can be obtained over a w idc range of 8|)ecd for pra<-li- 
cally any ty|)e of loatl. The curves of F'igures 1 and 2 show’ typical sjM'cd- 
voltage characleristHTS for these tyjjcs of motors with a belt-driven 
load. The rt'pulsioii typt^ use<l was a hp and the series tyjie a Vis 
hp. TIh'^ characteristics of these two motors are somewhat similar to 
those of the d-c series motor. 

Induction Motors 

In general, SjK’cd of an induction motor cannot l)e controlle<i l»y 
voltage. The motor tends to run at a 8|K‘ed approaching the sym'hn)- 
noiis value <lelermine4l by the iuiiiiIkt of |>oles on the stator winding. 
S|>eed can lie varied only by changing slip, and,'for Indt drives and 
other fairly constant loails, a reduction of voltage changes the slip only 
slightly until the breakilown |>oint is reached and the motor stalls. 

One outstanding ex4’eplion, however, is found for fan loads, where 
the effective loa<l varies greatly with the sjx'ed. Some types of imlrn*- 
lion motors can Ik* made to ojjerate satisfactorily for this service with 
Variac contnil, and stable ojieratiou can lie had on a wide range of 
s|K'cds. This is dis<!us8ed lielow. 
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Split Phase 

'Tlir split |>has(‘ tuolor >\i(li uiiloiiialit' 
(Mit-oiil, ill particular, is a ty|M‘ that is 
not ailapti'd to s|mmmI control hy voltaic 
\ ariation. 

riiis motor lias an auxiliary \\in<lin» 
spaccil MO electrical cle^irees I'rom the 
main windint:. Onlinariiy, this uindin^ 
is used only for starting and is discon¬ 
nected hv an aiitomatii* s>>it(*li ulieii 
running s|H*ed is attained. M’ter tlit‘ 
auxiliary \\indin<r is disconnc<*ted, the 
s|M‘ed tends to approach synchronous 
S|)<‘ed. the slip de|MMidin^ mainly upon 
the load. Voltage variation has little 
efl’ecl upon sjK*eil. The S|H*cd of a split 
phasi* motor is usually changed hy 
s\%itching taps on the stator vsindiug. 
which eflcctively changes the iiiiiiiInt <d‘ 
poles, and also provides tuo or more 
values of sviu'lironous s|M‘e<l. ddic sjmmmI- 
voltage chara<‘teristic of a hp split 
phas<' motor controlled hy a Variac is 
shovMi in Tigiirc 3. 

Repulsion-Start Induction 
Motors 


KlOl KK 2 . 



Fici KK (aliovo); I’hu kk 4 (holow). 



VOLTS 


The repulsion-start induction motor 
is proviiled with an inducing vsinding, 
(!ommutator, and hrushes, hy means of 
which the rotor is hroiighl up to ruiming 
S|M*ed hy o|N‘ration as a repulsion motor. 
'I'he commutator bars are then short- 
circuited hy an atilomalie switch, and 
the motor runs as a single-phase indue- 
tion motor. Idle the motor can In' 
Variai*- 4 !on trolled during the starting 
|K'riod when it is running as n repulsion 
motor, or whenever the voltage is re¬ 
duced to the point where the repulsion- 
start system cuts in. lh<* range of s|N‘ed 
variation is necessarily low, and, if the 
repulsion vsinding is not ilesigned iVir 
continuous .st‘rvic<*, excessive luxating 
may oi'cur. Figure 3 shows a voltage- 
S|K'ed curve for a ^3 hp repulsion-start 
tv |K* of motor. 

(^opyrighL 1944, General iladio Company, 
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Capacitor and Capacitor-Start 
Motors 

Split pliaw <)|K^ralioii is often obtaiiUMl 
1>N iisint: a eapaeilor in s€‘ries with tlie 
auxiliary >vinilin^. If tlie auxiliary uiinl- 
in^ is o|mmhm 1 hv an automatie s>vit(‘h 
when ninninjr s|H*e<l is reached, the 
motor is calieil a capacitor-start motor. 
If the auxiliary winding is connected 
|M‘rnianently, the motor is called a ca¬ 
pacitor motor. 

The capacitor-St art ly|M* <*annot Im‘ 
controlled hv a Variac. 'Phe capacitor- 
lv|K‘ can he. particular^ if the load is a 
fan or hlower. 


Speed Control for Fans and 
Blowers 

'File tor(pie reipiired to drive a fan 
or hlower is a fuiu'tioii of s|R-ed, and, 
conse<piently, stable operation can he 
had with induction motors o{HTatin» at 
high values of slip. ( Capacitor motors ami 
shaded |Kde motors are often us<*d f«)r 
this service. 

With the sha<led-jM)le motor, sjK*ed 
control over a considerable range can tx- 
obtained, as sliinvn in Figure I. For low 
s|K*eds, however, it is often necessary to 
start at a fairly high voltage and then 
retiuce th<‘ voltage to a lower value for 
running. 



riie capacitor motor can Im* ciuitrolled 
l)y varying the voltage on both the main 
and auxiliary windings siniidtaneously. 
Some (‘apa<‘itor motors, however, are so 
designed that a fixed voltage can 1m* 
applied to thi* aiixiliarv winding and a 
variable voltage to tla* main winding. 
Figure I shows the S[M*ed-voltage c.harac- 
teristii’ ohlaiiUMl with u typical capaci¬ 
tor motor driving a scpiirrel-cage fan 
when the voltage on both windings is 
varieil. 

A split-phas<* motor can Ik* controlled 
in the same way, if it is designed for 
o|)4*ration with the auxiliary winding 
|N‘rmanently connected. W Idle a few of 
thesi* are us«*d for fan service, they are 
not as i‘onimon as the shadeil-pole and 
capacitor ty|M‘s. 

Within each basic ty|H* of motor, the 
designer can varv many factors to pro¬ 
duce a motor suited to any particular 
job. do c.over the I'omph'te range of 
possibilities is considerably lK‘vond the 
sco|H* of this article. With any given 
ty|H‘ of motor the s|M*ed-vollage charai*- 
teristic is, of <*ourse, de|M*ndent u|Mm the 
tonpie-s|ieed characteristic of the load 
as well as that of the motor its«*lf. The 
s|H*ed of some ty |K*s of motors is voltage- 
sensitive, however, and that of others is 
not, and this should be considenMl first 
when the use of a V ariac for motor S|H*ed 
control is contemplated. 


CONTINUOUS INTERPOLATION METHODS 

PARTIl 


• LAST MONTH’S ARTICLE oui- 

lined the various methods of continuous 
inter|M>lali<in. Method 1, Direct Inter¬ 
polation, and Method 2, Direitt Heating, 
were considered in detail. 'Phis {Hirtion 
of the article tIisiMisses Melhoils .d, 1, 
and 3. 


Method 3: Direct Beating 

'Phis method, iitili/iiig the higher of 
the two lH*at freipiencies, or 

(n -{- 1) /„ —/„ is adaptable to high 
freijiiencv measurements In'causi* of th<* 
limitation of the interpolator range to 
/,/2 to ft. For example, with a standard 
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fnMniriir\ of I \Ic, tin* lowrr U'al fn*- 
1) ranges from 0 to 0.5 
Mr; ihr liifrhrr ( Mrtlioil 2) raiif^H from 
0.5 l«» 1.0 \|r.‘ 

I'or frr<|iiriirirs of ilirsr iiia^nitiiilrs, 
a hroailranl rrrri\rr ran Im* ii 84 *iI for an 
inirrpolalor. n^ailin^s lakrii Ironi 

llir rrrrixrr ralihration. I'or iin|>ro\<Mi 
artMirary. I hr In^al frr«nirnr\ ran U* 
roinpaml with a lower stainlanl frr* 
i|urnr>. I hr iliffrrrnre frrqiirnry in the 
m'tnver out put iM'in^ mrasnrr<i h> an 
inler|M>lation <»srillalor (a^ in Mrlh<Nl 1). 

In roininon with other inrthoHs, difli- 
rnllir>< are enronntereil when / , lies near 
a Klaiwlard frr<pirnry. ^ivin<' a dilTrrenrt* 
freipiriiry to the next higher or next 
lower harnionir whi(*h is near to the 
\ahie of tilt* standani freqii«‘nr\. 'riiiis 
two fnMpiriiries are iinpresM'd on the 
rereiver inslt^ad of one. 


Method 4. Sliding Harmonics 

I'o rediire the diOiridties eniiinerated 
above and t(» simplify o{N*ration, this 
system is dt'si^ned so that nn U*at difftT- 
nice frnpiniry is iis«'d ami the only Is'at 
ntili/^Ml is solely for matrhin^, /^*ro 
lM*at. 'Pile inter|M>lator rontrol o|HTates 
on all frnpiem'ies siniiiltaneoiisly, so no 
s«dertion of "lower** or "hi^lH*r** lieat fre- 
<pienr> diffenmres and no measiin*nient 
of anv Is'at frrqiieno din'ereiire is 
D’lpiired. 

rile system illustrated ran Im' set up 
as follows: ria* standard consists of a 
*)50 kr rrvstal oscillator, in terms of 
which all measurements are made and 
against wliiidi the inlrr|N>lator 4*an In* 
ralihratt'd or checked. 'Phe inter|N>la- 
tor consists of a 50 to (»0 kr variahle 
fre«pienr\ ot»4Mllator, straight line, dinM’t 
reading (*alihration. The scale has KMMI 
divisions, giving 10 odes |N*r division. 

4" All I .IJ.I*'. MmniiriiiK AAwailily/* S. Siihiirofr, l*KOt:. 
I.U.Il. 27 3, I*. 20H. M«rih. 1939. 


PIk* standard and int«*r|N»lalor oiit- 
piit.s are impn'sst'd on a iiKMliilator 
and the iip|N*r side fn*ipienry is selected 
hy a filter in the modulator output. 'Phis 
lilten*d output is of 1000 kr, when the 
interjNdator is S4‘t at zero on the dial 
(50 kc) and ran In* varied up to 1010 kr 
at 1000 on tht* dial ((lO kr), a total range 
of one |N*rrent. Sinr4* there are lOOO 
divisions, each division is 0.001 |N*rrent 
or 10 parts |N*r million. 

Phis output fn*<pi<*nc> is iis4*<l to con* 
Irol one or mon* multi vibrators. \ one- 
megaryi'le multivibrator, with a s|N*rial 
output amplifier, pro\ ides harmonies of 
usable magnitiidr up to 200 Mr. Phis 
harnionir output is iitili/ed in connetr- 
tion with a heterodym* freqnrnr.y meter 
having a range of lOO to 200 Mr, cali¬ 
brated at earb megarvrir. 

'Phe system is parlit'iilarlv intended, 
as 4les4*rilN*d. for the measiiremeiit of 
fre4|ueiiries in the rang<* from KNt to 
lOtM) Me (appniximately). 'Phrough the 
adilition of a S4*(‘ond multivibrator. 0.1 
Mr and the iiS4* of a Heterodyne Fre- 
ipienrv Meter covering 10 20 Mr, mras- 
iirementsin the range from 10 to 100 Mr 
t'oiild In^ made. 

l\ow, with the inter|N»lat4»r dial at 
z<*ro, the output freqnrnry -|- fi) is 
exactly I Mr and the harnionir fre¬ 
quencies of the multivibrator are all 
multiples of 1 Mr. Thus tin* hetercMlyne 
frequency meter ran In* rhe<*ked ateverv 
|N>int on its scale. If the inter(N>lator 
dial is si*t at 1000, each harmonic fre¬ 
quency is increased by I |N*rrent. At the 
100th harnionir this m«*ans that the ire- 
tpjency has lieen rais<*d fnun l(M) McM<» 
just 101 Mr. Also, complete coverage 
over this interv al has lN*en obtained. F<»r 
any higher harnionir, the l-|N*nt*nt range 
exceeds the <lilTen*nce lN*tween the given 
harnionir and the next higher one. (!on- 
secpieiitlv ronqilrte rov<*rage of tin* en¬ 
tire range from HMI to 200 Mr is assured. 
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Tm JtllLr a. jiifjiiiMn-TiH-nt. lltc Jh*lrni" 
ilvlh! rjTtLiJi^nry TiM-tfr m «■! tw wnh iH-al 
u^jiMi^cy^^Mtlicrnn tih- ^ui)4la■■H‘■■l jl fH- a 
liurnMjnip!. Ifc ith lllr hi-lfriMly ni‘ ifr'- 
irh'-k-r it ItuM in'iling, ih^- mter- 
Iwlatur Jill iH iulviiniifil fpi^ni e^rivi uiiiil 
tllr tirHl LiPii.1 in liran] 1 iiiulli- 

vilpruhM- hiirriHinii! and tlh- fn-njiH'iiry 
■m^lrr. Tbii* }a‘al jft 6rl iii. mtii. T|ti- 
tiiikiiiiHM riTi:LU<'ni:y ib i lie'll 
A - (I -I- A) = n/, + 

J JK Jrnrnlly Jjy (Ito- Jitli'r- 

fHilulHfr iliiiL I in iriiiiHinix »fr Tn Hb^-ijiul 

Tlw Ncii.'ll rrrc|ijrn4'i, 

Elfef iikultivibE'dl^pr i» iiJritllfitHl Aifyrtr 

fn'jni dll'- cLi-til ijf I hi* riTj-iiUf^niiv ifw*t+"F. 

I If ll»* rnt-qij^-iiny IlhflMilM'd ^ 

it|fc(£hLlv alnavr l4id: \lc: mid tibr im^r[K»^a- 

t ILH- lIIiiI rrailliip U 276 di\I^JiihJiH, lIh^ fn'- 

t[ii4*iiry h Hid + 162 X 276 X IH'' = 
m + 4S.447 - 162.IIT Mr. 

SilkCir l]ir fm^in-riry tij- 

itiy hjdrjiiiiEili’ up |4h iht- pi^tiulk ijf Llm 
twrxl hl^H^rmulwnyA jkkfti -ulfln Jkki-^anvN'lt*! 
ibfr* ni:)mbi:^r of dLlkf-hJtu^ uil lIk' iuhT- 
|Kilal-i^r dial ihh a4'i-4tni|hliHli ilii^ 

i.'an. Jdh' ^k'ErrlrkiiM-d. in aiJvaiir^C Eknd tabki- 
lltud. 'J'Jh' frarliLHi ^^f ei nkii|;4t: ^rlt- 
iifcvrJiirtl jii nn*iwnrin^ Ally fin'4|iM^ikL-v b 
ilhTih FiunfibH-if nC dLv!niiiib)/ 

(ilU-bUhTi? foff 1 Me)] X 1 Mai. 

'nbC 4|Ur^dulk 1.-4111 Ih^ aH- to vt HaI 

i^utkLd hA|.i|iirik if tin' lif te-r+KlyiR: ftp- 
Hlfulh-T nwivr mlilsralUin WCK [lk eKiw 
bv 1 Mu. riic H'AlibrAiiciik uaki Iw. |ju?tL- 
| j^#!ly AI bo-tU i>lkJr* Hpf llmi Hual>. 

%ltl| ihi' llklcr putdlOt nlial al 
dkf' hcIcrixL} kH^ fn^H|iH‘iM’y nu^tn' to 
[.HiiEiit kki^HwtfHl 1Cil Mn und bcI Ed 
iMJiC. l>!a.vEnf |]h^ h^4cr04l\1IC-fr^^L| LWJiiiy 
Jiu-14'r ankin adwAUkL-F iJh^ iiLltf!r|ii:i- 

laKn- diA^I fo- ItHW diviHimb. AI lliU wil¬ 
ting* Ztro beat alhpuld again Iw- 4'ibiAini7d^ 

I If no beat i& itnl, h w i f eIh' Ilf At m he anl 

befufe ilw. iJial ha* Ifcfen AilvA.im'd lijt- 
ful] liWft divbinTli!!, tike IbrtL'nwJ^nr fre- 

^ p-' 

ijiwiHiy inefcr iA lUkl si'I bj 101 Mai Lhii m 





a |Hjlnt |L|HieH\ Hj{r bejihv^^ ihif^ I'Aluti 
nrnpi'nlfvely. A r^lkikilar i‘a.I] Jjt? 

^ddAilki^nl al 2112 Mn. 


Iffflihad 5. Cp|iiQ-de-lti]r D^tiiN- 

t(i|] i 

'^rhnKiifilk 4 hr ibe nf a 4 'aE]|ni 4 k''-rai 
4 hM'klhM‘U]J 4'4 llkLtrr|Hhl 4 ilHHIH ri'AII tiC IkkaiJf 
t^V-CT atl elErinipii fiT-ipipne\ ranjii'n iejlA^ 
Ti^rjf itvA' EJ.W A^ hfAriuufrifTi, "i'lii- -irt^H-king 
ii|N[it^r IiiilIi rti'|ii>^ndg |irkkK^pally rHh |he 
abilfty Ha ri|ifn DUt tiktj fiaLt 4 *rn. 

T'Ik'' bailie ikhdliuiL iw in n'midiiiie eJil” 


kluknyRkl fj-r^iuriwy witll a fey4:uinJ 
Lik aiiiJ 4i4lj UN tal’iif 'frt^Liekle h ^ fruiiL 
aiL iiiler|Hj|j4Eny iriAl(iC+/^ Su ihul tW 
liiffen^rHM' En fr-cqiiciiej + /x —ik a 

IILulli|hli*- 4^ A tlkitflin klMK^Ih atul ji\<^d 

frpqwein■> /a-“ 

ilk- H'lujj IH e\Lrpiuplv •^inipkj ’^l lke 

ulkkEiihv^EU ajifL in|ff|>ola4 -OP,ihm-iI* 
l4il4ir^ are eRfrliifly eotUk'N lif^J in iHTifH 
E4N ill# i-prlleal ■leflreilnji |h1aE#H 4hf gk 
ralh^Mkvray njM.dlbjiinPjie. Ilii' ?^lAndaifd 
frcqLK-ney Jk 4'riHiiM'f led Id Elk 

lfc|priK^JlLltll ilpIkrliNPra [iiAt-e*H akkl t^ljmild 

lie n4i|Mtik 4hf hUfP]ilyifi|« a largp V 4 hllap- 
HU lIiuI lilirh-fr-iN^lk'liex |HLIIeniri iiaiL |m,' 
4j|h#n#r^ Iikkl bireaHi i inking. Thp |ia|bTlk 
linHlkkwJ III# I'Mn viilla^ri in p^fieaj 
Bi^ ek'^e4l agaiiiHl a liiii'-iiir ii^di- 

eaie4l in ihp wlketeh. Fur kknrk|iJ 4 il un 4 l 
npaal anii|hliliiMii^n^ Tlkh |pallerik j|i|iearri 
similar Hu a in«h0llab'4l ^ave-p IhuE i| 

dEIIFfrF=. in i^'^ieral iii^pn-Lani 
Tlie iiki^H.irt'ajkt fraiurp., Eiir |if-pp#nt Hur- 
|H?reH 4 IH Llial ill# frv-r|UPney of tlk eivi.%^- 
iAif^r In. [Iia1 4if Mw ef ihr ifirr.i 

apfJuYi /rw^Nejffie#. 

F^tr illiL^lraljouH -aui-uniif dial a f^iAiid- 
Anl freiiueikey uf lOOO nynlrn and AJk 
inier pijIalruiL iiHL-lllauir hAi'inf; a taji^ 
Lpf ll,INm Leh ll^SOfl nyflra, <*AJiLrate 4 l al 

<^Am HcCIwC l^InriHcwT 

OvoBi^" /. k. Hrjr*A krll Ubi. ]l™i IWA. Jv. 

|j. -W I hah’. IVHJj. 


U.l.T., J^n % ihr^ A' 1^. ■i&W'it Hi|. 
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every ev4*I<‘, are uvailuhle. and llial a 
lalM)rat(>rv nseillalor is to 1m* set to a 
rreiiueiK'y of 32iT.383 eyeles. 

The iiiler|M)lator oseillalor is sel to 
11,383 c'yeles h) ils t-alihralion. The 
<>s<*illator to 1m* adjusted is tln’ii set to 
323,000 eyeles, as read from a pn'vious 
ealihratioii. I'his adjustment need not 
1 m^ preeise it is to insure that tlu* linal 
n*sult will not he in error h\ one. or 
more. niuiti|iles of HMIO eyc*les. 

'File oseillator fre<juene\ is then in- 
ereased from 323.000 eyeles. 'File enve- 
lo|M* of the eondiined wave on the eath- 
iMle-rav tidM* is that t»f the <lifferenee 4jf 
the two os<'illalt)r frei|ueneies, hut no 
puttorn nppf'iirs until this dilfervnce is 
made a multiple of 10(H) lycles. 'Fhis 
<M*<*urs when the oseillator fre<pieney has 
lM*en inereasc‘d from 323,000 e\4*les to 
.323,383 eyeles. \t this fre<|iiem*y the dif- 
fereiiee of oseillator and inter{M>lator fre- 
i|ueneies is 323,383 - 11,383 = 312,000 
4 :ycles, which is an integral niulti{>le of 
the standard frequeney of 1000 eyeles, 
and the envelo[M* pattern stands still. 
('Fhe indivi<lual os<*illalions <d* the 
''carrier” wave would not 1m* seen Im*- 
<*ause of I he high freipiency.) 

\etually tW4) patterns ap|M*ar, tlu* 
"front” and the "haek” traees, as 
skel4*hed. Fhese can 1m* separalecl liy 
phase shifting networks, hut this is not 
usually ne<*essary. 

The error, in cycles, in making this 
adjustment is nmnerieally e<pial t<» the 
error in e>eles in S4*tting the interpolator 
fre<piene>. Fins error can 1m* niad<* v<*r\ 
small, S(» that the method is (rapahle of 
high accuracy. 

If the osi’illator is S4*t at some fre- 
• pieney, to 1m* measiiretl. the inter|M)lator 
is varied imlil tlu* pattern ap|M*ars and is 


made stationary. "Flu* fn*<piene\ imre- 
ment is then read from the inter|M»lator 
scale, the a^ipropriate miiltipk* <d’ the 
standard fretpieney being idi'iitilied 
from the ost'illator ealihratioii. 

In the example an interfiolator fre¬ 
quency of 1 1,383 cycles was us<*<l, hut 
patterns can 1m* obtained with any fre- 
ipieney which gives a multiple of tlu* 
standard frecpieiiey when siibtraiUed 
from or aihh'd to the d<‘sin‘d fr<*quency. 
f or 4*xampl<*, the fre4pu*ney of 323.383 
e>eles gives a {lattern for interpolation 
osi'illator freqiieiwies of either 11.383 
(1 l,0t)0 -h .383) or 10,617 (11,000 - 383). 
'Fhe interpolator oscillator <*ons<*<pu*nlly 
needs to^have a range of only one-half 
the standard fn‘<pieney to obtain (Sim¬ 
ple te coverage. 

'Flu* interpolator frequency d<M*s not 
have to 1m* as low as 11,000 cv4‘les. but 
may Im* of the order of the unknown 
frequency. A high inter|M>lalor fre- 
(jueiicy has tlu* advantage of lowering 
the fn*c[uen«^y of the t*nvelo|M* and hence 
tlu* pattern is easier lt» spread out. 'Flu* 
absolute accura<*y of a high frequency 
interpolator is usually less, so high 
ac<*uracy demands the lower fn*<piency. 

Tsing an interpolator 4»f 11,000-11 ,.300 
cycles range, measurements can 1m* 
made to within a cyt'le to above one 
megacytde. To extend the frecpiency 
rang!*, a higher frecpieiicy interpolator, 
say 30-33^kc, can be iiS4*d with a 10 ke 
standard, with a somewhat larger error. 

F4>r conveniciu*e tlu* scab* of tlu* inter- 
[Milator is marketl only in fr4*<[ueiuty 
incn*nu*nt, 0-.300 ey<*les hrr tlu* range 
11,000 to 11,.300. \ s4*eond scale marked 
.300-1000 cy<*les is <*onvenient when the 
n*4piired im;renu*nt is negaiivi*, avoi<ling 
subtraction. J. K. Claim* 
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Summary 

Method 3 : Direct Beating 

'I'hr titaiularil fn*«|in*iiry n/, anti ihr iinknoH ii 
frr«|iieney /, arr on a Inpli frequency 

receiver, which iit tiinetl to accept IkiIIi. The 
hiffier beat frequency cliflerence tn ohtainetl in 
the receiver out|iut and i^ meaKiiretl by tuning 
of the low frc<nicncy receiver (or by tromparing 
with a suitable Htandurd frequency in thi8 low- 
frequency receiver, as previointly dewrribeil). 
The lieat frequenev difference lies lietween 
/,/2and/^ 

/* * '*/* 

l*rincipal lAmitatifmn are: 

(a) Standanl freqiient^^ liarnionicH must lar of 
usable magnitude in region arountl /,. 

(h) The fretjuency of the usetl harmonic n/j 
must be determined. 

(r) The sign of the beat frc4]uency must l>e 
determined. 

(t/) The over-all accuracy depentls on the cali¬ 
bration of the low frequency receiver. 

t*rincipftl .Idt'antoftrs are: 

(а) A hich frequency standard can be usetl. 

(б) 'riie low fretpiency receiver, or interpolator, 
range is from /« 2 to /«, insteatl of from 0 
to f,l2 (Methml 2); the inter[M>lator is 
therefore more easily desimietl. 

(r) Iniprovetl accuracy can lie obtained by 
comparing/, with a suitable frecpiency from 
the standard, in the low frequency receiver. 


Method 4. Sliding Harmonics 

'File frequency /, is impresseil on a iletei’tor 
with the output of the variable harmonic 
standard. The fretpiency /, is then increasetl to 
a new' value /,* such that nf/ * J, (zero beat). 
From the standard controls, the change nf/ — 
nf, is known. 'Pheti 

fi - nf/ * n/.( I -h A ) 

* nf, -I- 

where/, is the known. lixtMl, standard fre4|uency 
anti A is the fmrtionul change in J, retpiiretl to 
inakcn// — ft. 




r — u - - ^ 

BEAT INO 
joSCILLATOI^ 


Flci'RK 4. Inter|N)lation and functional tlia- 
grams for \letlnHl 3. 

l*nncijHtl lAmitations arc: 

(a) The variable fretpiency harmtmit's must Im* 
ttf usable magnitude in regitm artmnd ft. 

(h) The fretpiencv tif the used liarmtHiic must 
lie determintMl. 

(c) Result is tin a fractituial basis (not in cycles 
tlirectly) unless adtlcd tHpiipnicnt is used. 

(i/) Accuracy t»f the ortler t»f 2.'> parts per 
million; can In* greatly iniprovt'tl with 
added ctpiipment. 


Fit;i KK 3. lntrr|Nilation anti functitmal diagrams for Methotl I. 
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GENERAL RADIO EXPERIMENTER 


Principal . Ulvnntagn arc: 

(a) Only one zero beat Aettinp irt reqiiirwJ for a 
meaHiirement. 

(h) A wide measurement range is envered by a 
narrow range oscillator. 

(c) The full range of ibe vuriatiiHi control 
covers or less of the measured fre* 
oiiency. 

(fl) The sign of the frequency increment is 
always |N)sitive. 

(e) Vi'ide-pass circuits, lilters, etc., arc avoidinl 
at/*; only a detector b»r setting zero l»eat is 
necessar}. 

Method 5. Cethode-Ray Oscilloscope 

The three fre<|uencies /« /m and ft exist 

Itbysically, where /,• = frequenev <»f an inter¬ 
polation oscillator,/« =» standanl frequency. 




The us«»d multiple «/, of the standard fre- 
ciiicncy does not exist physically; neither does 
tlic frequenev difference /* ■— /|. These rela¬ 
tionships are established by patterns on the 
osciilos(!opc screen. 

The interpolator frequenev is adjiisleti so that 
Then /, » n/, /„ 

Principal Limitations arc: 

(a) The fre<piency Jr must be stable en<»ugh to 
observe a pattern. 

(h) The usc<l multiple nf, of the standard must 
be identiliefJ. 

(c) The sign of the increment must be deter- 
mine<i. 

(d) Absolute accuracy depends on oscillator /, 
and accuracy of setting. 

Principal . idrontafics are: 

(a) No harimuiics are necessary. 

(/») Rxtreme simplicity of equipment and 
operation. 

(c) w ide ratig(*s of can lie irovered nith suit¬ 
able choice of/, and 


L'lCi RK 7. lnter|>olation diagram for Metliml 5. 



FicrRK 8. Patterns pnxluee*! by two frequencies applied to one pair of plates i»f a cathmle-ray 
os<*illograph. Viewe<l against a linear sweep, two frequencies of unetiiial amplitude ap|>ear as shctwii 
at the left; with equal amplitudes as shown at the center. The envelope frequency is the difference 
of the two frci^uencies. 

At the right is shown the pattern produced by two frequencies applied to the vertical defle«*ting 
plates, viewcNl against a sinusoidal sweep of large amplitude. hen tlie pattern is nearly stationary, 
one envelojM* moves slowly* in one direction, while the other moves slowly in the opposite direction, 
as indicatefl by the arrows. 
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